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Abstract .  l’;xccllcnt  clata on clcforcstatiml  have bcc]l c)btailld  in the tropics using
high-resolution optic.a] sensors. Yet, scvcra]  problems rmnaill.  Cloud c.over creates
data gaps wl]icl]  lilnit  the possibility of colll])lctc  and frcqucjlt  asscssrncnlts,  al]d scc-
o]]dary  growt}l i s  llot wcl] c.}laractcrizcd. Active r]]icrowavc  scrlsors  could usefully
co IIl])]cJncIIt these sensors bccausc  t,}lcy o]matc i]ldc])c]ldc]lt  of cloud cover  a,IId arc
]norc  l)ronc  to detect diffmcl~ccs ill woody biolnass  associated witl] various stages
of clearing aIId regrowth. AJI cxam])lc  is discussed ]lcrc using  flllly polarilnct,  ric, C-
(5 .6  CIII)  a]ld 1,-band (24 c]n) f requency  radar  data gathcrd  i]] octoh 1994 by
NASA’S  S]llltt]e  ]JIla@IIg ]{adar ~ (s]]{-(;), SOUt}l-(!tLSt  o f  thC City  O f  ]’OItO VC]]IO,
iJl the state of ]bndonia,  ]Irazi]. WC a]la]yzcd  the S11{-(; data ijl coll]~)il]atiol]  wit]l
l,a]ldsat ‘J’h4 clata acquircc]  ill octobcr  199~i, a $ycar ti]]]c series of S1’0’J’  X,S data
ac.qllircd  in July-August fro]]] 1986 to 1991, aj)d a ]Jrclilnillary  fIcld survey conducted
ill octol~cr  1995. 1,- band  ~mlarinlctric radar data sel)aratc  well ])rilllary  forest, II Oil-
forcst,  and various stagcx  of forest clearing aIId vcgctatioll  rc-growtl]  of diffcrcmt woody
Liolnasses. ‘J’l]cy do not separate well illtcrlllcdiatc  rcgrowt,l] 7-8 years of age. l{ec.cIIt
clearings arc radar-bright, at horizontal polarizatioIl  due to tllc  presence  of felled and
staIldil]g clead truI1ks,  a]ict  dccrcasc  ill brir,litl)css  wit]] age, l,aIldsat  ‘I’M /  SI)()’J’ XS
sc])aratc  well primary forest, dcforcstcd  arms, and  fo)est  rcgrowt]],  but, ~)rovidc  ]itt]c
itlforlnatioll  oIl vegetation biolnass. SigIlificallt  iIn])rovcIncIlts  ill laIjcl cover ctassifi-
catiml a . r i se  f rom conlljiIling  I,aILdsat I’M 1993 al]cl SII{-C,  1994 da,ta.  Wc s e p a r a t e
wit]) a high dtigrcc  of coJ]fidcncc:  1 ) o])clt  water; 2) flooded dead forest; 3) prilnary
forest; 4 ) clearings with 110 woody bioInass;  5) 1 -yea]-old  slash a]]d burn of illtcrIIlcdi-
atc woocly biomass; 6) <l-year-old slas}]  and  l)urll of lligl]  woody bio]nass;  7) initial
secol]dary  growt}] (()-5 years) of low woody ljiolllass; ajid 8) i]]tmncdiatc  sccol]dary
growt]l  (69 years) of intcrlncdiate  woody l)iol]]ass. ‘1’lIc  ]csdts  dc]nor]stratc  tl]c  syll-
crgy bctwccm  radar and optical for detcctlillg  various ICVCIS of woody bio)nass  and live
vcgctatio]l  iIl sccol]dary g r o w t h .  Currmlt ])rosl)c.c.ts  wit]l cxist,ing  il)t,crIlatioIla]  SA]{S
a r c  lilnitcd.  CbaI)d SAI{S arc uIla~)l)rol)rialc  for dctcctillg  w o o d y  biolnass.  At ollr
site, Jltl U3-1 , siI)glc-cllaIIIlcl,  1,- baIld  SAli llIl(lclcstiI1lat~:s  dcforcstatioll  b y  > 100V0
because it dots IIOt separate well
ati]]g  at loIIg radar wavclcllgll]s,
for t,ro})ical  clcforcstatiol]  studies.

illtcr]ncdiatc  ICVCIS c)f woody  l)io]nass.  SAlis  ol)cr-
witll  t)o!]l  liti(,  a])d cross- ])olarizatiol]s,  arc II CCd Cd
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lntrodudion  ant] Objectives

.

Ovcr tlIc  l a s t  two  ccllturics,  ttlc  coIlc.cIltratioI) of al ]]los])l]cl  ic (arbol] d i o x i d e  }Ias

incrcascd  by > 25% (Ncftcl et al., 1985). Most of the currmlt flux is attrilmtcd t,o fossil

fuel  burning,  but  a  third is t]loug}lt to l)avc colnc  frcn]l clcforcstatioll  in the tlopics

(I]oug}]ton,  1991; IIoug]lton  atld Skolc,  1990; llougl~to)] ct al., 1985). Alt}lougll it is

gcmcral]y  agrmxl that tropical land usc clIa]Igc is a Ilct source of atlnos])}]cric  carbon,

cstilnating  the lnagl\itudc  of’ this sourm is difficult. ‘1’llrcc  types of data arc required

to calcu]atc its mag]litudc:  1 ) the rates and  gcogra])l)i(  distribution] of dcforcstatio]],

2) tllc fate of deformtcd  land, inc]udi]lg  rcgrowt}l  a]ld rc-clcarillp;,  a]ld 3) tl]c c} IaIIgcs

ill tllc stocks of carl)oll  a}~ovc  a]lcl Lclow grou]id  as a result  of disturbalic.c  arid rccovcry

tilnc. Althoug}l  the rate and cxtmlt of dcforcstatiol)  llavc LCCOII)C Inorc  a c c u r a t e l y

doculnclltcd  ill rcccnt  y e a r s ,  larg;c ullccrtailitics  rclllaill  ill tllc c.sti~nat,cs  c)f cal lx)]~

s t o c k s  ill soil a)ld vcgctatioll  (I]oug}ltoll, 1  W] ) a])(l  ill tile  fate of dcforcstcd  la]ld

(Skolc  ct al., 1994).

Satc]]itc  mIIotc scIIsjIIg  has helped quallt,ity  deforcstatio]]  over ]argc  rcgiolls  (rJ’uckcr

ctf al., 1984 ;  Ne l son  a]ld IIoltml,  1986; NCISOT1 et al. 1987; Skolc and  ‘1’uclmr,  1993).

Altl]ougl]  initial  cstil]latcs  ctivcrgcd wiclcly,  they collvcrgcd  ill rccm)t  years as a rcsu]t

of a wictcr uti]izatioll  of high-  rcsolutio]l  (< 100 m) SCIISOM (’J’OWI]SIICI)CI  and  Just,icc,

1988; Skolc  ct al., 1994; Moran et al., 1994). Exccllcnt data o]] dcforcstatio]l  l]as lJCCII

obtaillcd  a.lld arc bcillg  obtairlcd  with I,alldsat  images over tllc clltirc legal A]llazon

(Skolc  and ‘J’uckcr, 1993) alld  ill south-cast Asia tl]rollgll  NASA’s l,a]ldsat  l’atllfilldcr

])rograln  (Skolc,  pcrs. commull.  1 996). l’orcst,  c.tcarillgs, and  secondary growtl]  arc

well separated spcctral]y.  Yet, several pml)lcll)s  rc)llaill. l’irst,  tllc  various stages of

sccolldary  rcgrowttl  a r c  ]lot easily  difl’crmltiatcd, Sccoltd,  cloud cover is al) ul)iqui-
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tous  ]Jro}>lcv]l  i]] t))e }lulnid  tro])ics  wllic]] lilnits  d{: forestation  asscsslllellts  ill tilllc  and

S])acc. ‘J’llird,  optical smlsors  arc llot good tools for IIlcasllrilig  sta]ld  characteristics

SUC.11 a s  dmlsity  and Licmass  (Sadcr c1 al., 1989). As a result ,  dcforcstatioll  asscss-

lncnts  arc c.ollductcd  over  ]miods of scnm al years, ga]~s exist ill grou])d  coverage, and

inforlnatioll  01] woocly  biomass and acculnulatioll  rate of sccolldary  growth is lilnitcd

allcl  site specific..

Carbon lnodc]s  often ignore tllc role of scco~ldary  forests lmcausc  it is Ilot well k]lowll

wl~at fraction of the landscape they occu])y, }low )nucll carbo]l  they acculnulatc and

I]OW quickly, a~ld what fractio]]  of deforest atioll  occurs i]] scxx)II(lary  growth.  Sec-

ondary forests llavc  lower stocks of earl.ml, but tllcy  acc.ulnulatc  carboJI quickly il]

Ll]c 10-20 years following disturbanc,cs  (llIowIl  a~]d ],ugo,  1990). 1]) OI]C arm of l{o]l-

dollia, IIrazil,  Sko]e ct al. (1 994 ) cst, ilrlated  30 ])crccl~t  of tllc  disturl~cd  forests were

secondary  g r o w t h ,  and the ]JOOI of rcgrowtll  doutjlml  I)ctwcc]l 1986 al~d 1989 (Alvcs

a]]d Skole,  1996). }tacl  I y e a r ,  50 ])crccIJt  of tlIc dcforcstcd  laIId is al.)al)dolld,  al~d 42

lmrccllt of I]cw clearings were from sccolldal  y ,gJowtl]  i]] 1988-89 (Skolc  et al., 1 994).

Separating different ages  of regrowth is ])ossil)lc  wit]) lnulti-year optical data (],ucas

ct al., 1993, Moral]  ct al. 1994, Adalns  et al., 1995, Stcillillgcr, 1996) but tl~c task over

tllc cnltirc  A1nazoll basin w o u l d  be claulltill~. ‘J’l)csc  Il)ulti-yc.ar  tcc}llliqucs  arc sitc-

s]mc,ific.,  lilnitd  by tl)c  availability of cloud-flee ilnagcs,  and  ])rovidc  little il]forlrlatiml

01] wood  y biol nass. Ol]c altcm]ativc is to c.olnbilic  ol)tical  wit}] radar data. ‘J1lIC i])tcrest

of tllc syl Icrgy cllwrgcd years ago (Stm]c  al)d Wcwdwcl],  1 982), but tllc  ])ros])ccts  IIavc

bee]] lilnited  by the absc]]cc  o f  s p a t . e t x m l e  SAI{S and  })y the lack of airtmvlc SA1{

ol)scrvatliolls  of tllc  tropics, u]ltil  just rcc.mltly.  l{adar systellls  llavc  several il]llcrcl]t

advaljtagcs  t]lat ]nakc thcrn  a ulliquc c.o]Il~JlcIiJcJIt  t o  o])l, ica] sm]sors. ‘1’])cy o~)c]atc
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il]dc]}clldc]lt  c)f solar illulllinatioll  aJld clou(l cover,  a]]d il)teract wit]) tllc larger-sized

col]lpo]lc]~ts  of tl~c forest, SUC.}1 as tJJaT]clIcs a]]d tree-tru]lks, w})icl) colltaill  t}]e largest

fractioll  of woody  bimnass. }{escarcl)  collduct,cd  ill Ll]e late 1 980’s and  car]y  1 990’s,

011 IIoll-t,ropic.al  forests ,  with ai]borlle  radar sc]lsors  sl]owcd radars ])crforln  best at

Incasuring  woody bio~nass wlml operating at the lollgcr  radar wavclcllgtllsj  at ]nore

than ollc polarization (e.g. Sadm-,  1987; l)obsol)  et al., 1 992; lligl]ot ct al,, 1 995).

‘1’IIc data collcctcd in 1994 by NASA’s  S}luttlc  lnlagillg  l{adar C (SII{-C)  during  its

t w o  II]issiolls were by far the lnost c.oll~])rcllcllsive  data set of lIlulti-c}lanl)cl  r a d a r

ol~scrvatimls  ever  collcctcxl  ill tllc tro])ic.s. I t s  ovcrfli~]}t  of Sc)utll  Alnerica ])rovidcd

tllc first syl]o])tic  views of tllc  AIIIaZOII  I.msill at Lotll C;- (5.6 c.11~) ali(l 1,-baIId  (24 (III)

frqumlcy,  with )nultip]c  polarizatiollsl  over rcgiolls  loIIg surwycd  ljy o])ticiil scI~so13.

Our study site is located  ill tllc  state of l{orldo]]ia,  IIrazil,  witllill  all area selected for

illtm]sivc  studim  of  tro])ical  dcforcstatioll  f o r  tl)c l,alldsat  l)atllfindcr  ])rojc.ct ((;110

IIlm]towski  ct al., 1 994), along  a track fol’ Wllicll  fully ]Jolarilllctric  radar data were

collcctcd.  ‘1’llc availability of full polarilnctry  is al) i]ll])ortal)t  advalltagc  over sillglc c)r

dual-cllall]lcl  data lmcausc it ])rovidcs  a c.olll])letc  C.llaractcrizatioll  of radar scattering

at a givcll r adar  wavclmlgth. It is thcli  ])ossiblr  to alla]yzc  scparatc]y  the  colltri-

butiol]s  froln  surface scattering, volume scattcril]g,  or doub]c  bou]lc.i]lg;  of the radar

signals .  ‘1’his  analysis  he]ps  ill turn Jmttcr intcr])rct  the ty]w  of ccolog;ical  infor]])atiol]

obtaillable  from the radar data, resolve ul~ccrtail)t,im  i]) illtcr])retatioll  of sill  F;le or

dual-c.l]annc]  data,  and predict the pm-forll~allcc  lCVC1  of cxistillg  a~ld/or  future  SARS.

‘J’o  validate t}lc  results,

XS ill)agcry  fro]]] 1986,

collcctcxl  in 1987, 1990,

w c  mn])loycd  ],aIIdsat  ‘1’hl ili)agcry  fro]]) 1993 a n d  S})O’l’

1988, 1989, 1991, 1992, and  1994 (Ilo c.loud-free data w’crc

and 1 993). We conducted a ])rclilnillary  field survey of !,IIc

site i]] Oc,tohm  1995. Wc IJO}V d e s c r i b e  tllc  ])clforr]ial]cc  of S11{-(; SA1l at dc.tcctillg
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deforestation al]d the fate of deforested la]ld,  the sy]lcrgistic  utilizatioll  of SII{-(~ SAll

a~]d ]iindsat  I’M, and the ])ros]mcts  for future coInbinul  usc of tlIc two tcchnolop,im.

St,uc]y  Site

our study sit,c is located 50 kln south-east, of l’orto  Vell]o, t})c ca~)ital  of the state of

l{c)lldollia,  in a rcgiol] of low relief, wit]) gm]tly  rollillg  to]mgral)}ly,  high ])rcc.il)itatic)?]

and tropical scasollal  climate. l)eforcstation  has  ilicrcascd ill I{olldoslia at a fastm

r a t e  ovcx t}lc past two  dccadcs t}lall  a]lywhcrc CISC ill tl)c w o r l d  (h4ali]lgreau  alld

‘J’uckcr,  1 988)4 Colollizatio]l  and  agricultural cx~)a]lsioll  })rogralm  started ill 196S slid

accclcwatccl  greatly it] 1984 wit}] tllc  Colll])lctio]l  of l)igliway 111{- 364 w}lic]l facilitated

ilnmigratiol)  il]to  llonclol]ia. ‘J’llc  rcgioll olIcc su])])ortcd  a c.ol]tinuous  cover of prilllary

t r o p i c a l  lnoist  rail] forest, wit]] a  woody bioll]ass  of al)out  170 tolls  of c.arlml] ])cr

l]cctarc (llrow]i slid  l,ugo,  1990). About  12 }Jerc.cllt  of tllc l{olldollia  forests lIave bccvl

clcarcd ill t.l)c ]980’s  (Skolc  ct a l . , 1 994), w’licrc  tllcrc lvas little  dcforestatiol]  ill Lllc

1 970’s. l’llc ]najority  of clcari]lgs  arc cstablisllccl  by fellillg  and Lurlli]lg  of tl)c  formt,

II)ostly  by falnilics (l)alc ct al., 1994). MUCII of tile  land  is I)OW in ])asturc  of various

quality for cattle, and scxm?}dary  growt}l  of various ages. S1l]allcr  plots arc ])lalltml

w i t h  coffcc,  maim, halls  and  otl~m c.ro]m (l)alc et, al., 1 994). Ullprocluctive fields

arc quickly alm]do)lcd, typically after 3-4 years, to su])port  forest rcgrowt])  (Alvcs

a]ld Skolc,  1996). ]{cgrowth  is ty~)ically v igo rous  and dol~lillatcd  by several  ])ioncc.r

s]xxics  ( e . g .  Cmwpia), whic}l y i e l d  a  rcgu]ar  al)d llo]llogc]lcous  callol)y structulc.

‘J’I)c:  rates of accumulation]) of t~ioll)ass  (a llct uptake of atlnosphmic  carbon) dc~m]d

o]l tllc agc  of forest clcarillg, but also 01] t}l(:  h i s to ry  a]ld i]ltellsity  of land  usc l)rior

to abandollmcnt  (l-l}]]  et al., 1988;  Nc]mtad  et al., 1991 ).

IIcmote  Sensing l)ata



‘J’IJc SII{-C  ilnager-y  available for our sit{’  was lill)itcd  to a sil)g]c  track I)a]ncd h4al]alls

CSAI’-I1,  IIrazil,  acquired  011 octolm  6 ,  1994 at 06:18 :28.1  (;h4rl’ or 02:18 all) local

tilne,  durillg  orbit  94 of tllc  s])acw slluttlr  l’;]ldcavour. ‘J’l)c false-color colll~msitc

ill~agc sllowII ill IJigurc  1  i s  ccntcrcxl at 8 deg 58’ sout]l,  63 dcg 1 7 ’ w e s t . North

is ml top. ]magc size is  20.7 k]n by 25 kII1. l’ixcl  s])acillg i s  12 .5  Ill al)d s])atial

r e so lu t ion  i s  25  In o]] tllc  grouIId  ill l.)otl) alo]~g-track  (a~,i~n~ltll)  a]~d a c r o s s - t r a c k

(ra,)gc) direction. S1l{-C  illulnil)atcd  t}lc sc.cl)e froln  tllc  r i g h t ,  a t  all altitl)de  of

213 km, with an incidmcc  angle  of tllc  radar illu InillatioIl  at SCCI}C cmltrr  of 37”. ‘1’llc

data WCIC a u t o m a t i c a l l y  calibratml  ill tllc  .ll)l, S11/-(;  SAI{ ])roccssor.  IT) l~igurc 1 ,

led is tllc radar alnl)litudc  lnca.surcd  at, ],- ba]ld  frequency  ( 2 4  c]]]) 1111-])ol:ilixtltiO1l

(I]orizo],tal  rcccive a],d tral]slnit);  grcml is 1,- bal]d  llV-]Jo]arizatio,]  (}lorizollta]  ,cccivc

a])d vertical t,raIislllit);  and Llllc is (~-balld (t).[;6 CIJ]) f]equmlc.  y, }l\~-])c)lariz,ati(Jll.  ‘1’llc

S11{-(; illlagcs  were s~)atially  rcgistcrcd  to tllc  l,andsat,  ‘J’h4 illlagcs  after rotatiol] al)d

lc-sali)])lil~g  of t}~c SAI{ imagery to a coltl]t]o]]  ])ixcl s])acil)g o]) tllc  grou]]d,  a]ld using

])rccisioll  tic-poil]tillg  bctw’ccv~ tllc two SCCIICS.

A JIII{S-I SAI{ sccme of tl)c  salnc  rcgioll  was  acqu i red  ill l’cbruary  1994 (h’igurc  2).

‘1’IIc seIlsor  a l t i t u d e  w a s  580 kin, with  t,llc saIl)c i]]cidcl)cc  a~)gle as S11{-(1. Sj)at ial

rcso]utiol)  was oIlly 100 Tn ill t}lc l)roduct  IJIiIde avail al)le to us.

()]Ic cloud-free ],andsat  ‘I’M scc]]e was acquired OIJ octol)cr  7, 1993. Spatial rcsolutio]l

is 30 II]. 1]1 l“igure,  3, rcd is tllc  rcflcctatlcc lncasurcd  i]) bal)d  4 (Ilcar  il]fra-md),  g]ccll

is ballcl  3 (red visible), a])d b]ue is ha]ld  5 (Illid  i]lfra-rwl).  Areas of llo]l-forest al)])car

I)luc,  scco]ldary  growt}l i s  r e d ,  and  ])ril]laly  forest  l]as a]) irltcrl~lcdiatc  darke[ r e e l

sig]la,turc.

h4ult,is])cctral  S1’Orl’ XS data fro]]] 1986, 1988, 1989, 1991, 1992 al]d 1994 wme  a l so



a v a i l a b l e  for that area.  S))atial  rcsolul,io])  is also 30 II). ‘J’l)c slwctral  I)allds a]c

diflk:rcmt  froln  tl)cxm  on l,alldsat ‘JIM.  SI]O’J’ has grcml v i s i b l e , rcd  Visit)]e  al~d ~~(ar

illfra-rcd  cl~allllels, but  1)0 ]Ilid i]lfra-rcd  cl)a]]]lcl. A l l  S1’()’J’  clata wcm ac.[luircd  ill

July-August ,  after Inost  forest

were acquired ill early October

l’reliminary  field survey

clcaril]g  l)as occurred. l,alldsat ‘l’h! al]d SII{-C data

wl~icli  c.oil)c.ides with t,}lc peak of tllc  burlli]lg  scaso]].

WC visited t]lc  test site ill late octobm  199/), OIIC year after t]lc S11{-(; flig])t.  l’orcst

clearings which occurred ill tlic  sunllncr  of 1995 could,  l)owcvcr,  easily bc i{lcl]tificd

ill tllc field bccausc  of tllc fire scars. Visitillg  the area wit])  satcllit,c  ill]agcry  il) lIaIJd

and a ])rclimil]ary  analysis of t})c data also llclpcd  o}~tilnizc  tllc  field sclcc.tiol), tl]c

ty])c  c)f o b s e r v a t i o n s  to bc lnade, al)d tl)c ])ositiollillg  al]d llavigatioll  froI1) ol]c fi(’ld

to tflc  next?.

Groul]d ~Jllotograplls  wcm  takml  ilk all foul d i r e c t i o n s  ill tl]e 24 c]n~)lacmllc]lts wc

visitccl.  ]{cprcscnl,ativc  cxa]l)])lc~s  of tllc  tyl)cs  of lallcl  cover arc givcll ill l“igurc  4. We

noted GI)S  location, lnajor  ty~)cs  of lal]d c.ovcl (]~astllrc,  forest, succession forest, slash

a~~d burn,  e tc .  )  al)d,  wl]cl]cl’cr  lmsiblc,  cstirl)atml  tljc  a~~])roxilllatc  agc of c.]carillgs

based 011 grou]Jd  cover and  land degradation]. A IIIOrC detailed and cxtmlsive  field

calll})aigll is ])lallllccl  in tl~c area i]) tllc sulmnu of 1996.

Methoc]s

‘~’]Ic  S] ’orJ” XS images were al]a]yzcd  to csti]llatr  t]le age of c]caril]gs  of about  150

f i e l d s ,  and tllc h i s to ry  of lal~d use Imtwccll  1986 and  1994. OIIly four catcgol  ifs  o f

land cover were utilized: water,  forest ,  IIoll-forest ,  and  smolldary  growtl].  ‘1’}Jmc

arc tl)c  saInc  catjcgorics  wllicll  arc opcratio]lal]y  u t i l i zed  fo r  tllc  l,alldsat,  l’at,llfilldcr

7



(1,1’) ]Jrojcct,  ((;l]c)ll]cl)to~vski  et al,, 1994). ‘I’]}(I c]assificatiol)  t,cc]]]iiqu[uscd  f o r  t}lc

lJaJldsat  ‘J’M da ta  was  all itclt~tivcs  clf-[j]ga]lizil]g  data atlalysis  tccll]liquc  (rl’ou a]ld

Gcnlzalcz  1974) tc)(lcfi]]ct})ci]]l)c]cr)t  sj)cct Jal clusters (40clustc1s)  wit]]ill tljc  data.

A  coI]v{:rgcI~c.c  tl)lcsl)old  of 95rcquircxl  to IIICCL t}]is tlIrcslIolcl. A rniI]iI]l[lI]l(listaI1cc

classif ier  was applied to assign  t]~c ])ixcls to t}IC c]ustcrs. A  kl]owlcclge(l-basc(l  alJ-

proac}l was uscc] to assign  tl]e outpilt  clusters to our  thmnatic  classes of wfitcr,  forest,

]Ioll-forest and scconc]ary  growtl)  (1’igure 5).

‘1’0 c l a s s i fy  tile SII{-C data, wc sclcctcxl trail)illg  sites  ill tile  va r ious  ty})cs of la]Id

covm  visually sc])aratcd  i]] tllc  false-co]or col]l])ositc  Sill-C ilIlagc. l,al)clillg  of t]lcse

LrailliIIF;  s i t e s  into  v a r i o u s  tyl)cs  of laIld cover Was ~mforII)cd  basal 011 tll(’ l’CSUltS

of tllc  l,andsat  classification, tllc field sul vcy, a)ld ollr k])owledgc  of ra(lar scattcrill~

froI1l land surfacm. WC sclectcd ol]c tlaillirlg area for cac.11 ol}c of tllc  7 catcgo]ics

of lal)d cover that could be idm)tificd  ill tilt!  SIl{-c~ illlagc. ‘J’llcsc  c.atcgolics  arc: 1 )

O]mll  water;  2) f looded dead forest ;  3) ])Ii]I]aTy fc)rest; 4) clcarirlgs  w i t h  JIo woc)dy

biolnass;  5) rcxcnlt  slash  al~d burn with lli~,ll  w o o d y  bio])lass;  6) o]dcr  .sIas}l  al)d burl]

of lower woody bio~nass; and 7) il]itial  secondary growth. ‘J’o  classify the cl~i,il e scmc,

t}lc IIaycsia]l  classifier of l{igllot  and Cl]ella])])a (1 !392)  was utilized. ‘1’llc j)olaril[lctric.

c.l~aractcristic.s  of tile trai]lillg sites arc ]istcd  i)] ‘1’able 1. ‘J’IIc Slli-C SAR classification)]

l[la~) is SIIOWI) ill l’igurc  6.

‘1’0 IIdl)  ulldcrstalld  al)d ])}lysic.ally  intcr])rct  I,l)c  r a d a r  scattcri I]g ~)rol)crtics  of  the

scm]c,  we used  a Inatl)c]l]atical dcc,oln~)ositioll  of tllc lJolaTillmtric  signal  i])to c.al)ol)ic

for]]ls of scattcrillg  (vaJI Zyl, ]992).  ‘J’otal  })ackscattcr  fro]ll  tllc  ])olari I1lctric da ta  i s

dcc.ol]~])oscd into its cigmlvalucs  and ei.gcllvcctors  wllic.h  Corrcs])ol]d  to tllrcc scattcrir]g

lnodm:  1 ) siligle  bounc.c  scattcrillg;  2) dout)l(  I)ou]]cc  scattcrillg,  and  3) VOIUII]C sc.at-
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R e s u l t s

Analysis of Radar Scattering

11] tl)c Cloude Clccolll])ositioll, volulnc  scattcril~g  (grccl])  dolllillatcs t})c la]]dsca])c  at

botl) radar frcqumlcics  (l~ig~lrc  7). ‘1’l]c ]l~agilitudc  of VOIUIJIC scattclil)g  is dcttI  IIlil]cd

l)y tllc  illtcnlsity  of tllc  cross-polarizcxl  rcturl]s  (va]l Zyl, 1  9 9 2 ) . Scattcrillg;  JI]odc]s

o f  forest  ca]lc)pics  sl]ow’cd cross- ])o]arizcd  I ctllrlls ale Callsd l)y Volulnc’ S(”aticl iJIF;

i]]tcractio]]s  with the branches  al]d leaves of tllc  forest  calio])y (l)urde]~  et al., 1 989; vaTl

Zyl,  J 989),  all(l tllcrcforc  dc])mld lllostly  0]] crolvll  Liolllass, tl}c diclec.tric  collsta]lt  of

tllc  tree c.c)nstitucnt)s  (Incajlil]g  Csscl)tially  tllcir watcl colltclit) and callo~)y  struc  Lulc.

A t  C- a?ld 1,-ba]ld,  radar backscattcr  of ])rill]ary  fo res t s  is the re fore  dolni]latcd  by

VC)]L1lI)C  s~att~:rillg  jntcractio?ls  witl]ill tllc  forest  callo])y. otllcr  sources of scattmilig,

wllicl]  illc.ludc sillglc  houllcil)g  o f  tl]e signals  01] tl]c grOIIIId or oIl tllc  u}}~)cr caliopy

a~ld doub le -bou l l cc  IIlccl]allislns  bctwcml  trlll]k-groulld  c)r callo])y-groulld  rcflcc.tors,

arc Inuch  less Sigllifical)t.  ‘1’}Ic  “grxm]ess” of tllc  (l(:colt)])ositioIl”  is also larger at (;-

tllall  at IJ-balld. ‘1’his  is all ex~)cctcxl  r e s u l t  hccausc (;-l)aIId sig]lals i]]tcract IIiostly

With raIIdoInly  oricvltccl  objects  frm])  tlIc u])]~er Cal]o])y (leaves, twigs, and  braIIclIcs),

Wlimcas ]J-l)and  signals  iIltcract  IIlc)rc  wit]]  largcl, l e s s  ral]do]l)ly  oricllt,c’d, objects

suc]I aS tllc ]arg;cr  Ijra]]c]lcs.

Ovcr floc)dcd  dead fo res t s  }~oardcrillg tllc  l{io Ja]llari, doul~lc bc)ullcil]g  of tl]c ladar



sigIIals doIIli  I1atcs. ‘1’llcsc f o r e s t s  w e r e  killed  ljy }JcrI]laI~cIlt  rivcl f!oodil~g aftcl tl)c

coln]Jlctjoll  o f  !$alnuc] IIanl j]) 1989. Wc attriblltc  tllcir radar sigIlaturc  to cloul)lc

ljc~ul)cjllg  oftllclacla)si  g]lalsoll  tllccorllcl  rcflcc.tolsfc>l[llccl  }Jy thcdcad  t ree - tm))ks

standillg  jn flooded  ground. Volulnc  scattering is liInitcd  l) CCaUSC  1)0 ]ivc forcsi cal)o])y

is ])rcsclIt,  and surface scattcri Ilg js lill]itcd  bcwausc radar sigylals  bouIIcc  away fro]n

tlIc radar djrcctiol]  whcII t]]cy rcacll  t}lc lligllly r e f l e c t i v e  f l o o d e d  grolll]d.  l)oub]e

bouncj])g  js facilitated by tl]c lack of at,tmluatio)l  of tlIc illcolIlillF;  radar sig]lals  by t]lc

forest caJlopy. ‘1’1113C forests arc tllc  brightest objcxts  of tl~c c]ltire sc.mle.

O v e r  c l e a r - c u t s ,  tl]c blue color  dollli]latcs,  wllicll  js coI)ijstcllt  wjt]] sil]g]c  I)ou]]ce

scatt, cri]]g  OII a dielectric surfac.c. ‘1’lkc  ])ro~mrtio))  of VOIUIIIC scattcril]g  i]]crcascs

at, (;-ha  Jld compared to IJ-hatldl  ~)rot~ah]y tllc. rcsu]t of cIIIIa IIcc(l scat ter ing fro]]) a

vqytation  layer of shrul)s  alld  grasses at (;-band.

IImclltly  c,lcarcd  a r e a s  bcliave  diflcrclltly  fmlIl ally otllcr ty])c of lal]d c o v e r .  l)ow

b]c Loullc.illg, sillglc  bou]]cjllg  a]ld vo]ul]lc  s c a t t e r i n g  colltributc  all]lost  cqual]y t o

total  backsc.attcr,  rcsult,ing  ill a ]lcarly  wllitc  tollc  ill l~iF;urc  7, cslmcially  at  1,-band.

I)ouLIc  boutlc.illg  o f  tllc radar sigylals  o]] tllc  rclllaillil)g  stal]dil)g  trunks is  tl]crcforc

IIot tllc  clo]nillant  source of sig]~al, contrary to ]jr(~slllll])ti[)]ls  based o]l sil]glc-c.llal]rlcl

radar data collcctcd by S11{-11  (Stol)c  al)d W o o d  wcl], 1982). ])oublc  I.)oullcjllg  js ICSS

sigllificallt  tlla.11 i]] flocdcd areas bccausc  tllc grou]}d is less rcflcctivc of tllc  radar illu-

l[liliatioll,  alld  volulnc  sc.attcrjllg  frmn  tllc  disturbed forest cal)opy  is still significwlt

I)ccausc  t,llc  f o r e s t  ca]lo]}y was ]Iot Colll})lctcly  dcstro~’cd. Sil]glc bouTlcc  scattcrillg

is  large,  ])robabl  y bcc.ausc  of t}~c ])1’CSCIICC  of fc]]cd  t rcetrlll)ks. St,udics of radar

scat, tcrillg  froIIl a layer of rando]nly  oricl)tcd, }Iorizol)tal, dic]cctric cylinders sllow’ccl

11]1-polarized scattering call be very  IarF,c, i f  IIot do]]]illarlt (I{igllot,  1995). 1]) o u r



(Iccoll)])ositi  oil, t}lc plescllce of felled trees ])robah]y  ira]IsliItcs  i))lo a significant ill-

c.rcase ill single  tmunc.c scatlmi~lg  over rcccllt slaslj a]]d hurII coJIlparcd  to otl]m  ty]m

of land cover.  older clearings s]low lnucll less douhlc a]]d sillglc Lolll]cillg, ])whal)ly

bccausc  of the ra]jid  r e g r o w t h  of the ulldcrstory  vc+,ctat,icm  aIId/or  the sulxcqumlt

removal of t}]c rcmai])ing trcw trunks.

Analysis of the SAll Classification

Wc visit,  ccl 24  f i e lds ,  and cxa)llinccl  diffem]ccs  bctwccvl l,alldsat and  Sll{-t; ill IINWC

t]laJl  ] 50 fic]cls  based  011 tllc  ]Iistory  of laI~c] usc cxtractcd  froIll  t]Ic S] ’()’l)  ciata.  WC

Ilow discuss tl]c  rcsu]t)s  by lal]d cover catcgmy. ‘1’ltcsc catcgol  ics aJc: ] ) o]ml water, 2)

f l o o d e d  dead forests; 3) Iloll-folcst;  4) folcsls;  5) slasl]  aI]d l}urll;  (i) IIlitial  rcglowtl];

7 )  ]Iltcrlncdiatc  rcgmwth; al~d 8) AdvaIlccd  Icgrowt]l.

Water:  OJ)CI1  water has low reflcctallcc i)] I)ot]l radaI al]d o])tical.  III t}le radar data, it

iS lllOst (!asi]y idclltific!d  as areas of ]owcst  \)ackscattcl at ]]V-]Jo]arizat,it)Il,  c]osc to t}lc

systmn  Iloisc floor (rl’able 1 ). S1nall river streaIns  witliill  tl~c forest  arc Inisclassificd

I)y SAll clue to cxlge cffmts fro]n  tllc  sum)ul]dillg  f o r e s t .

l“loodcd  clcad forests:  F’loodcd dead forests  arc distil]ctly  radar-llrigllt,  wit]l  l a rge

( 1 2 0  dcgrccs)  phase diffcml)cc  hctwcmi  1111- aIlcl  VV-ljolarizcd ]ctur]ls  at both ~-

alld 1,-t>al~cl  (’1’a.blc  1 ). ‘J’lIcy  arc liot separated froln  o~)c]l  water by l,arldsat  t)ccause

tl)csc  forcst,s arc dead and have  IJO live I)ioljlass. At t,}]c  cxce])t,ioll  of OI]C area i]] tllc

IIortlt-cast  of tllc sccJIc ])crlIalJs Illisclassificd  as rec.cllt slasl~  and  I) UIII, f]oodcxl  d e a d

forest was correctly classified with SA1{ tllmugllout  tllc clltirc SC.CIJC. Scl)aratiI)F, I,}IOSC

forests  fro]]] otllcl  ty~ms of disturl~cd  forests is rclcval)t  l)ccausc  tllcir dcstructiol)  did

not result  dircctjly  froln  dcforcstatioll  actil’i!ies.
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Ncm-fm-cst

aI1d S]]{-(:

a])d 5, and

(I)owoocly  t~iolllass): Nol~-folcsts  arc (l(>fi]lf(l  differently  ill t,}ic IJal)dsat

classificatio~]s. II] l,a]ldsat,  I Io I I - fo res t s  ar{ dcfiIIcd as Lrigl)t  i]) l)alld 3

Corrcs])ond  011 tllc  gmud to ])astllre, l~arcficlds,  and  slaslI  and  t~ur)l. I I I

S1l{-(; , lloll-forests arc dcfiucd  as areas of 110 woody Liolllass, l[mallil]g low 1111- a]]d

llV-polarized mturl]sat  1,-l~alld  (rl’able l),al~d cormspol]d  tc)])ast~lrcs,b arcficl(lsor

srnal] areas of subs;dcnlce  cultivation.

A r m s  idaltificd  as nol~-formt  by SIR-C arc old clcariugs  frol]l  1986, 1988 alld 1989.  A

fcw stands  c.lose to highway 111{-364 or alo)lg a J1)aill  access road wllicll  were clcarcd

ill tllc surnl]m  of 1994 (]}ril]lary f o r e s t  ill l,andsat  1993)  IIad ap])arc])tly  ]Io w o o d y

l-)iolllass  left ill Oc.tobcr  1994 ac.cordil]g to tllc  Slli-~ classification. WC did not visit

tl]osc  fields,  IJut t}lc results suggest felled tree-tru]lks lll~lst  l)avc bcel) rcJJlovcd  floI1l

tllc ground.

SCVcral  til’cas  idclltificd  as Del]-forest  by 1 ,alldsat  were classified as IIcw clcaril):,s

wi th  Sll{-~,.  OIIC cxaIII])lc area, labeled l{(i, t~urIled ill 1993 aIId still coIltaiIlil]~,  large

at]munts  of woody biolnass  ill 1995 , is S)] OIVI1 ill l“igurc  4. IIotll  classifications arc

correct, hut  SA 1{ l~cl~~s  rcfillc  t})e characteristics of tl)osc fields ill tcrJns  of woody

hio]nass  al]cl charcoal msidum.

];orcsts:  l’mmts }Iavc a  urlifor)n  rcflcctallc.c  ill tllc  IJalldsat  iI1lagery  and arc WCII

distill  guis))cd  frolll  t}lc  ot}lcr classes. lri t}le SAli  data, ])lill]ary  forest  has tllc  lligllcst

lCVCI of llV-]mlarizcd backscattcr  ( ’ 1 ’ a b l e  I), il)dicatilig  IIigl] crown  l.);o]]]ass,  slid  all

il]tmncdiatc  lcvc] o f  briglltl]css  a t  tllc  otl](]  ])olarizatiolls, ‘J’extura]  variations ill

r a d a r  I)ackscattm arc Inorc  prolloullccd  ill tl]c forest that  ill ally otllcr type of la,~ld

cover (SCC ‘J’ab]c 1 ). Water is a]) mce])tio])  l)ccausc  it is close to to tflc Iloisc floor of

tllc data.  \Vit}lout  using  t e x t u r e ,  forest is llc)wevcr WC]]  sc])aratcd ill the S11{-(; SAI{



data. l’;rmrs are lnost]y  co]n][lissio])  errors  as i]lt,cr]llcdiat,  c rcgrowll)  (see below’ ), a])d

slasl] a])d burn frorl)  1993 arc i]lcorrcct]y  class ifiml as ]~1 illlary  forest .

S]as]] a]]d bur]i:  1]] t]]c I,a]](lsat  d a t a ,  l-y(:al-old  clca]iNp,s ( f o r e s t  i]] S1’(jrJT 1992)

appc!ar  b]uc,  bccausc  t]]crc! was Iiot lnuc.]1 f?)rcml vcgctatic)ll  ]cft after c]carillg.  ‘J’}icy arc

classified as non-forest. A few C.lcarillgs  arc classified as rcgrowtll,  l)robably  bcc.ausc

t]lcrc:  was clloug]l  green vcgctat,ioll  ]eft u]ldisturlml  in tl~c field after clcaril]g,  Allot}ler

I)ossibity  is undcrstory  regrowth froln  tllc ~)]cvious  year ivas sigl]ificarlt.  SAI{ idclltifics

<1 -year old clearing  more easily  bec.ausc of tl~eir  very IJrigllt 1111-]mlarimxl rcs]mlse

and tl}c abscnm  of large pliasc.  differc]lccs  bctwml~  1111- a]ld VV-l)olalizatiol).”  Slash

a])d l)urIl frolll 1993 i s  llowcvcr  c.ollfusccl  wit])  forest  ill t,llc SII{-~  classificatio]l,  A s

IIy]mt,l]csizcxl  by Stone and \l~oodwwll (1982), recm]t  clcari)lgs  start Ofr very  brigl]t  al)d

dccrcasc  ill brightness with age. III our data, we find that after oItc year, mllfusioll

w i t h  t]]c forest is ]Jossiblc. Aftcl > 1 year, collfusio]l is again  rcducml  bccausc  t}lcsc

d i s t u r b e d  areas bmo]nc  lCSS brigl]t  tl~all  tllc  forest. All forest  clmrillgs  froln  1991 aIId

1992 were correct]  y scpzwatcxl  froln  tllc  fo: cst and  idclltificxl  Citllcl  as illitial  regrowtl]

o r  ] Io l l - fo res t ,  IJicld stuciies  c.ollduc.tm]  ill tllc  ])car-by  city of Jalnari by l{auflllal]  ct

al. (1 995) illdicatcd  a total bion~ass c.ollsulll~Jtiol~  of about 50% for slashed l)ri]]lary

forests ill this regioll. IIascd  011 tlmir  results, total above-groulld biolnass  of slas}i  a])d

l)uiI) s}lould  rallgc frolll 140 to 220 tolls/}la.

IIlitial  rcgrowtl): 11) l,al~dsat,  secol]dary  groivt}] is cllalactcrizcd  by a bright  rcflcctal)cc

il] l)alld  4, lnodcratc  to IIigl] rcflcctal]cc  ill I)a])d 5 and  low rcflcctallcc ill bal]d  3. cml)s

nave a l s o  llavc  ]nodcratc  to IIigll  rcflcctallcc i]] l)a?ld  JJ, but low rcflcctallcc ill t)alid

4. F’cw cro~)s wow  ])rcsent  i]) our stucly area. 1]] tllc  S11/- (; data, secondary rcgrowtl]

i s  dcfillcd  as at] i]ltcrlncdiatc cvcl of  woody biolllass  bctw~ccl)  llol]-forest  al)d fc)rcst,

1:;



w i t h  no prcfmrcd  vcri, ical or llorjzollta]  st, ructurc  as ol)lmscd  to tl)c  case o f  rrccllt

slaslJ al)d burn. II)itjal  regrow’tll, 0-5 years of age, ])rol)al)]y  ]Ias a woody bio]])ass of

tl]c order of 20-50 tolls/lla  (lJIII ct al., 1988).

II)tcrlr)cxliatc  rcgrowt}),  ty])ically  7-8 years of age aIld cleared j]l 1986 or 1988, w a s

I)ot sc])aratcd  W C] ]  froln  tlie  forest  by Sll{-~ SA1{,  but  was correctly  idmlt  ificd a s

scc,ol]dary  growth jn t}]e l,atldsat data, 1,-l)a~]d  signals  do Ilot sc])aratc t]iosc st,a])ds

frolll  the forest well bccausc  of signal saturatjol]. ~lcarcd hctwcml  1986 and 1988, 6 to

8 years prjor  to tllc SI1i-~ flight, t}losc fields llavc Ixm] rcq)laccxl  ]I)ostly by cccro])ia-

dolnillatcd  forests. ‘J’llcjr  woody biolllass  is prol.ml)]y  ill tllc  raIIgc  50-100 tolls/lla

(U})l ct a l . ,  1988). lkwlicr  studjcs  co]lductm]  wittl airlmrllc SA1{S suggested  1,-ba]ld

signals  saturate about  100 tons/ha woody l~iolllass  (c. ?,. ])obsoI) et, a]., 19!)2).  II CJC,

tl]e cccropja fo res t s  prot.)aMy  do JIOt have  woody  }Jiol)lasscs > 100 tons/l]a  hilt tl)ci]

Cal)o])y  of large Sl]cxldcd  leaves ]Iroba})ly  rfacl]cd a lnat  urc  stage of crowl) l)jc~ll]ass

wllicl] cx])lains  tllc sal, uratiol]  o f  tile  ]J-l)all(l  111~-]mlarizcd  sig]lals.  l,alldsat  ‘1’IVf il[l-

agcry scq)arates  wcl] those arms frolll pril])ary  forest ,  ])robab]y  bcc,ause  tlicy  col)i,aill

diffcrmlt  tree sj)ccics.

AdvaI]ccd  regrowth, > 10 year of age, could IIot be identified  by citllcr scrlsor j]) our

study site, We o]~ly found o]jc sue]] area i]) tllc  tilnc smics  of S1’0’1’ data, Ilcxt  to a

Iargc  farln sctt,lcmcl)t. 11] tllc S1’()’1’ 1986 data,  this forest alrcacly  had the s]mctral

characteristics of rcgrowt}l  scwcral years of age. We t ll<refore  bc]icvc  tllc rcgrowtl]

was at, least 10 years of agc iJ) 1994.

SII{-C,  SAR / Landsat  Combincc]  Classification

WC colnbjncx] tl]e  classificatio]]s  produced tly IIot]l scx]sors  usil)g a silnplc col]l})il]atory
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iillalysis.  ‘J’he r e s u l t s  am sllow~l  ill l’igurc  8. ‘J’lIe  dc[illitioI) of cacll c l a s s  al)d tllc

pcrforll)allcc  of tllc  c]assificatio])  is discllsscd  ]]cx(, by lal)d cover catcg;ory. \i~c utilizcx]

8 c a t e g o r i e s  of la]ld cover  for w}]ic}] wc }I:Ld IIigll coI]fidcIIcc il] tl]e rcsL1lts. ‘1’llcsc

C.atcgorics arc: 1) OIJCII  wate r ; 2) floo[lc[l  dead fo]c!st; 3) clearings wit]] IIO ~voody

biolnass;  4) forest; 5) <I-year-old slaslt aJ]d bur]l; 6) l-year old slash and burJl; 7)

illitjial  regrowth; a]ld 8) iTltmmcxliatc  rcgrowtl].

(I}wll  water was ma])pcd usil~~  mcas classified as opcul water by 1,alldsat  ‘J’L4  after

rmnovil]g  flooded dead forests idmltified  I)y Silt-~ SA1{. I4’1oocIcc1 dead  formts  were

dcli]lcatcd  usil]g tl]c SIJ{-~  SA1/ classificatjoll. Non-forest was C]cfillcd  using tllc

areas classified as llon-forest by Sll{.-(~ SA 1/, ll)calli~lg  IIO woody bic)l]]ass. 1“01  Csts

w e r e  lna])pcd  Llsi]]g tllc  l,a]ldsat  ‘J’h! classificatioli sil)cc ~11{,-~,  SAI{  ovcrcst, ill)atcx]

t]Ic fraction  o f  f o r e s t .  S]asll and  burl]  fro]ll ]()$1 ~vcrc  idmltificd  usilig  S]]{-(;  SAll

alol]c.  Slasl) a]ld burII  frolll 1993 wcm idclltificd  as areas classified as forest  by Silt--(;

SAll aIid IIoll-forest by l,alldsat ‘J’h4. l]]it ial rcg,rowtl] was Ii]a])])cd using  tllc  S11{ (~

SA1/ classification. l’jllally,  il}tcrllmliatc  rcgrowtll  was jdc]ltificd  as areas classified

as forest by S11/-(; SAI{ a]]d scco]dary  rcgrowtl)  by l,a]ldsa.t  ‘J1h4.

‘J’his  c.olnbil~atiol~  resulted  i]] II)ajor  irnl)]ovell]ellts  j]] tl]e c})alac.tclizatioll  o f  lal]d

c o v e r  types and ill C.cnlfidcmc.c  of the classificatio]~. 111 sccolldary  growt]],  l,alldsat

IIcl])cd idcmtify  live vcgdatio])  aJIci S11{-(; IIcl]xxl  categorize diffcrcllt, ICVCIS of woody

bion)ass. OLJJ”  prdil)lil)ary  survey was Ilot, sufficient to ])rovidc  qual)t,itative cst,illlatcs

of tllc classification) ac.c, uracy of cac.11 ty])c of land cmvcJ, but tl)e 8 Lrc)ad ty])cs of land

cover discLJssd above were ident i f ied with lli[~;ll c.oIIfidcJIc.c  Ly I)ot]l  seI)soJs. ‘1’0 c)l)tail)

d IIlore coIn])rcllcnsivc  asscss]llmlt,  tllc al)alysis will  I)c cxtcJIdcd  to cover Iargcr a r e a s

o f  ]h)JIC]ollia,  WIC] all c!xtcIlsivc gJ’ou  IId suJ’vCj’  is ])]aJ1lic!d  iIl t]lc suIIIJIlm’  of  1996.

1:)



l’otcnt,ia]  of lntmnational  SAlts

(;-}~al]d  VV (similar to l~liS-1  SAlt, lau]tcl)(d  i]] 1 W] ) dots not  sc]mratc forests frol]]

s l a s h  al~d burl]  (rl’ab]c 1 ) ,  a]ld ]Jrovidcs o])ly  a 2-3 d]] cc)lltrast  bctw’m]) forest  aT)d

])asturc  (rl’al)]c  ] ) ,  C.om])arcx]  b ]norc  tl)a])  (i d]] ai ],-}) and (’J’at)lc  1). ]ts  ~)otmltia]

fo r  land ap])licatio]isis  lilnitcxl. ~-bal)d  1111 (siIl)ilar  to Radarsat SAR, laullcJlcd  i]]

1 995) yields bright rctur]ls  in rccmlt  slash a]~d l)um  of lligl]  Liolnass,  mid non-forest is

kiter scparatcc]  froll] the forest than at (_-lmIld  VV, but other  ty}m of land cover arc

IJot well separated frmn  forest, Wit]l  si])gle  date ilnagc.ry, ~1-balld SAI{S IIave lil]~itml

])otcl]tial  for dcformtlatioll  studies.

1,-l)al)d  1111 (JI’;RS-I  SAI{, laullcllcd  ill 1992) could  l)c lllore  al)l)rol)riate  to (Ietcct

changes in woody biolllass. (jvc] tltc  l{o])(lo]]itt t e s t  s i t e ,  JI;l{S-I SA1{ (l~i~{lrc  3)

lI()\tc~~cl~l  I](lcrcstiIllatc(  lt, llcarcaof (lcfc)lcstati c)1lby> 10ofi,L  ccallsef c)rcstfa  ll[)i\all(l

ul~disturbcd  forests have silnilar bright  llcssm. l{cxm]t  clearings arc slip,lltly  I)riglltcr

tllall  tllc forest .  ‘1’hc con t ra s t  ill radar l~ackscattcr  ill ICSS  tl]al] ill t}lc S11{-(; d a t a ,

])robably  because  tllc JI’;I{S-1 SAlt data were acquired  lat,cr ill t}lc scasoll.  ~lcari]lgs

idcnltificxl  by J1(;I{.S- 1 SA1{ c.orrcs}mlld  to arms of  110 w o o d y  biolI~ass  ill tllc  Sll{-

~/I,al]dsat  land cover classification. \Vc CCJ]ICIUCIC sil~glc-date  J}tllS-  I SA}I in)agcry

is likely to ulldcrestilnatc  deforestatioxl  and lnay  l)rovidc  only  limited illforlllatioll  011

scco)ldary  growth.

NOI]C of tllcse single-challncl s])accborllc  SA1/s were optilr~izecl  for laIId cover  lnall])il~g

ill t,l]c tro])ics. ljollg  r a d a r  w’avclm)gths, wittl Imtl) l i ke  and cross lmlarizatioIls are

required for  land cover ]Ila])])ing  al)]) licatiolls  ill tllc  tropics. lladar wavclcllgt,lls  >

24 Clll  should ])robab]y  separate better 7-8 years forest  rcglowt]l  fro]]] ])rill)ary  forests,

I II t])c tropical rail]-forest of tl]c  h4auu Natiollzil l’ark,  ill }’cru, airborllc  SA1{ data
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gatlIclcd at l}-hnd  frcqucv]cy (68  cIIl)  sel)aratd c[~crcjlJia-clc) IIliIlatc[l succcssiona]

forests very  wcl] f r o m  otl~er f o r e s t  ty]ws, aIId  i]ldccd  IIIUC.11  httcr tlIaII  at 1,-  a])d

(;-hand frccjucllcics  (lligllot  ct al., 1 995).

]kcausc  the analysis prcscntml llerc  was lilllitcd  to a siliglc site, we SIIOUIC1 bc careful

I)ot to ovcrst,atc t}le validity of tllc’rmults,  especially wit]]  regards to t}lc al)]mrcnlt

saturatjol]  of tllc raclar  sjgllals  i]] lnaturc  f o r e s t . otllcl ty~)cs o f  rcgrowt}l  IIkust  k

collsidcrcxl,  wit]) djfrcrc]lt  tree spccics,  as wcl] as otl)cr  ty]m of la]ld use, itl difl’crmlt

regions. h’or i]]sta])cc,  airborllc  SAli o})scrvatio]]s of tl]c 2,200-acre farj]) scttlm]lmlt  of

(;alloIl  J u g  jl) ]lorthcvm  Ik]izc rcvcalcd 1,-l)ar]d  sigllals  could dctcc! crolm ulldelliietll

Ilativc t r ees  tha t  rmnaincd  ul~dctcctcd  ill l,al]dsat  il]lagcry.  A]t]]oug]] ],-ballc?  signals

scc)l]iIlgly  satl]ratlc  over lllaturc  tro])ical  folcsts,  sul)tjl(~  cllallgcs ill forest structlll  c alld

cwc]l  undcrstory  vcgc!tatio]l arc stjll  like] y to bc dct)cct  cd very  well.

<~onclusions

l“cw stuclies  of tllc  op t i ca l / r ada r  syllcrgy  IIal’c Ixw]]  COI]CIUCLCX1 ill tllc  tro~)ics, l~lostly

bccausc  of a lack  of al)pro])riatc  radar data. ‘J’lle  rcs[]lts  of this study suggest tllc

c.ollll)illcd  usc of o]]tical  and  radar i]nagery  would sigl]ificalltly  iln])rovc  our cllaractcr-

jzatioll  of land c.ovc.r ty])cs  iII tllc tropjc.s,  cs~)ccially wit]] regards to woody biolnass

and forest structure of disturbed forests. 11) ]jlams oftm] s}lrc)uded by clouds, illlagiIlg

radars lllay  a l so  be t}lc oIIly altcr~lat,ivc  to l)alldsat/Sl’()’J’  ililagery.

l’ros])mts  for tllc syllergistjc  utjlizatiml  of bottl  smlsors  ar( currel~t]y  lilllitcd. I’;xistiI)g

illtt~ll]ati[)llal  SA1{S arc ]]ot optjll)ized  for la])d cover a])l)licatiolls  over ]Iigllly  vcKctatcd

tcrraill. A  SAI{ il]stru]ncnt  o~mating at a 10])F, ra(la! wavclc])gtlt,  witli both like

and cross-  ])olarizatjolls  i s  lIccxlcd f o r  stlldyillg clla Jlgcs  ill land coveI al]d laJId  Use$



(~~]lll})l(:ll]clltary  a]lalysis  of Sll{-~ data gatlIercd ill ot]}cr  ]Jarts  o f  t})c trc)])ics w i l l

sl)ortly  follow. ‘1’l)(:sc  studies will hc]p  ])rovidc  a II]OMI cxtcllsivc  cval~la.tioll  of this IICW

Lcchllo]ogy for stuclying  tro})ic.al  land  use al]d for cstal)lislli]lg  a gmlcral  IJletl)odology

and structure for synmgistic  utilization]  of Lot]] optical and  radar i)lstrumcllts.
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IJist  of l’igures

]“igurc  1. l“alsc co lo r  Com])ositc ir(lagc of tllc  stu(]y  site ill t}lc s tate  of ]iol)dol]ia,
IIrazil, acquired  by S i l l - ( ;  oll octlobcr  7 , 1994. IJ-ba]ld 1111 is  ml, lj-balld  ll\~ is
F, I’CCII> and ~-balld  }]V iS t)]llC.

}“i~ure 2. IJalsc color  com])ositc  image of the study site i]) 1{.on(lonia  acquirccl  by
],andsat  ‘I’M on October 7, 1993, IIand 4 is d, band 3 js green, a~]d ba)ld  h is b]uc.

1{’igurc 3. JltRS-1  SAR  sccmc  of the test sit c acquired ill l’cbruary  1994

}“igurc 4. }’;xalnples of land cover ty]ws  at test site. (a) l’liot,o of 1993 CJcarillg;  wit]]
rcgrowtll  from 1989 in background aljd 1 year regrowth ill foreground (8). (1)) initial
rougl)  clcarillg (1{6) (c.) ~lcaring c.lassificxl  as secondary p;rowt]l  by IJalldsat  (Ill). (d)
1995 c.lcaring.

l~igurc 5. classification map of the l,al]dsat  ‘1’M 1993 data.

l“igurc  6. Classification lna~) of t}Ic S11{-(; 1!194 clata.

l’igurc  7. h4at}lc]natical (Icco]]]})ositio]l”  of tllc radar scattcrj]l~;  for the liolIdo]lia
test site at (a) C-band a]ld (b) IJ-ba]]d  frmluc]lcics. l{cd is the aln])litjudc of doublr
l)ounc.il~g  il]t,cractiolls, grce]l is volulnc  sca t t e r ing ,  and I)Iuc  is sir}glc  Loullcillg.

l’igurc  8. ~lassificatim]  of lal]d c . o v e r  ty])c usi]~g S11{-(; SAI{ and l,alldsat ‘J’h4 data.
col]lbi)lcd
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